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s:i«^ 0 Lt\ tfflxjmr^ (33) n«t *k n-^jtonKm 

[0 0 5 9] 
[13 3] 

00 -4- tan-' , LiSin2 * e (33) 

2 Ucos20e w 

[0 0 6 0] 

^~9(DWif\.-y f - hvs -y n-^^jg<7)^^(7)S^:^T#-r^- 
[0 0 6 1 ] 

lufs^-^^enif^-eti, ^~9^mM^m%<^y ^ - v^y turn 
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9 m m * ft & o r & fjj n ( ± $l c & v > <h # x. f> n & e 

[0 0 6 2] 
[0 0 6 3] 

ffllffll £ Hfif-f h t > IS 1 ~fj\a]co y 4 — Y '*y 9 m\® & $kftir Z> ftjffli 9 )V\z& 
VZ> qtt«JEO^b*{i0 £fc*o Lfci'oT, d«l*BEO*ll^lPlHit-r*«rSB 
1 -7 * - K/s- y * Hrljfp £3tU#P-9- ^f^;vi x -cUfi 1 Lfc £ § (i, ±fiB5£ ( 3 

1) liMTO^ (3 4) Olti^tL|, 0 

[0 0 6 4] 
H&3 4] 



Ald(h+1) AldQQ 
AT AT 

AjflOi+1) AlqOO 
AT AT 



L0+L1 cos20e Lisin20e | [ dVdGO 
Lisin20e Lo-Lisin20e 



Jl 0 



= dVd(ii) 



01 1' 




Usin20e 








Ucos20e 


(34) 


.1 0 0, 




Lo 





[0 0 6 5] 

y 9 mWZfflmv* 9 )V i 2 "CUtf Lfc £ # (±, ±85^: (31) (iJ^TO^: ( 3 

5) «i?ns 0 

[0 0 6 6] 
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m.3 5] 



Ald(i2+1) AId(i2) 

AT AT 

AIq(i2+Q AIqCi2) 

AT AT 



= dVq(i 2 > 



L0+L1 cos20e Lisin20ej[ 0 
Li sin20e Lo - Li sin20e J I dVq (i2) 



'1 0 o" 




' Lisin26e 








Licos20e 


(35) 


.0-1 1, 




Lo 





[0 0 6 7] 

■t<DtzSb. ±ffijt (34) , ^ (35) ?&»<b, 3 0(7)*ML 1 sin2 0e, L 
icos20e, L Q\zm-t^W4-^m%^ A^n^Zt^-C^ho 
^OM^^'b, ml lfiIEK#BSffi <h LTL isin2 0 e^W^, tc#tbi" h Z. t rfr- 

§, flfrfS^S£#S?.ffit LTL icos2 ^e«r#^tC#tB-r*^t7& s T^^o 

[0 0 6 8] 

*>t, J^TO^ (3 6) <7)J: d Ui5< fc, ±SB5£ (3 4) fi^T^it (3 7) 
Wff^fii^Tl, ±15^ (3 5) liUTO^: (3 8) 

[0 0 6 9] 
6] 



ddl(i) = 



ddld (i) 
ddlq(i) 

Atd(i+1) Ald(i) ' 
AT AT 

Atq(i+1) Alq(i) 



AT 



AT 



(36) 



[0 0 7 0] 
(13 7] 

dd?(h) = dVd(ii) 



01 1' 




Lisin20e 






Licos20e 


,1 0 0, 




I Lo . 



(37) 
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[0 0 7 1] 
[ft 3 8] 

ddI02) = dVq(i2) 



1 0 0 




Lisin20e 






Licos20e 


,0-1 1 ( 




Lo J 



(38) 



[0 0 7 2] 

f LT, ±855$ (3 7) « (3 8) £ t ttoXVXTto^ (3 9) «it*it 
[0 0 7 3] 



[« 9] 



' 0 


1 


1 1 










1 


0 


0 




Lisin20e 




' Lisin20e 




1 


0 


0 




Licos20e 


= C 


Licos20e 




, o 


-1 


1 , 








Lo 





ddl (ip 
dVd(h) 
ddl(i2) 
dVq(i2) , 



(39) 



[0 0 7 4] 

L o X , «TfaiE!£#IHflt * V s\ bu * Vc\ L 0 *vrtt 
±IE^: (3 9) ^f>JJJLT^ (4 0) ^f#^:H ? f§l)o fir, Hfrie 
D-^^JK^m^Sti, JtaT^sS (4 0) Kit), jE3£#JBft (Vs") 

BBflt (Vc") Zm^^M-tti-f 2>ZttfX&2> 0 

[0 0 7 5] 

[isu o] 



VS 




U sin 2 9 e ' 




Vc 




Li cos 26 e 


-<c f S>V 


Vi , 




Lo 





' ddl 00 ' 




' ddl 0O 


dVdOO 


= D 


dVdOO 


ddl O2) 




ddl (i 2 ) 


dVq (i2) , 




dVq(i2) 



(40) 



[0 0 7 6] 

1 ^|p]<7) "7 -r - K/sr y ? fflffl l,z£ 0 n h ti*> d <h q #H«3EO 2 

(ddi'Gi)) rz/ dmmi±<Dmtm uvd'Oi)) qmmi±<nm7jfa 



ttlSE#2 003-3080651 



&m 2002-277473 



^-v: 19/ 



tC*ti"4frgBl^|pl0 7 <f - K/N' y ^ffljffllKJ: *)'\§hit%> dftHIIt qi^nm 
i60 2iS^ (ddr(i2)) SOfqilEo^ti (dVq(i 2 )) t ^ 'J 
UgE1t£ *ifcfiryiJD-<7>fifc#tf>7'- * <h coffil,^«fD^»M31(c «fc •) , jE5E#iH 
fit (Vs*) fcj^S£#ra.tt (Vcl *»am:i)5 f t^o 
[0 0 7 71 

^WM-t^^z- 9 n > h n-70iUffll-7*n y 03 fi 1 ^"[oioy -r - K^y 
[0 0 7 8] 

Hi 2 H^L^^e-^3> Fn-7l0li, El 1 !:^Lf:^ii«DC7'7yV' 

q k «t h mmm&^mm lt^o 

[0 0 7 9] 

fit, t-^no-7l0li, fl-aM*^£fc*i& dttt&<frmaE (Id_ 

c) tqmm^-mm (iq_c) tcsct, dttm^T-^y^tL^mM (&t\ am 

•y ?MW?&o 
[0 0 8 0] 

) t qttm^iT^eptnmffi (wr, q«*EEtv»-9) ^e-nou, v 

, W<7)3ffiOSa^£PM-&mflEOjg^ (Vu_c, Vv_c, Vw_c) H^i" 
^»dq/3li«20, SOTOMMit (Vu_c, Vv_c, Vw.cKf&tfcmJEE ( 

vu, vv, vw) ^^-nou, v, w^ffi^mitT-ic-en-rtLen^ni"^ «t 

7^f7i-7 h 2 1 £#X.*o 
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[0 0 8 1 ] 

&M§^"t*) s Uffl*Sl£-fc>-9-2 2 0tfeffi«Sltfl[ (Iu_s) tWffilzl-b>t 

2 3 <7)i&mmrL{£ ( i w_ s ) d«imgfEotftmit"c** d ttitas ( i d_ s ) 

t qUhmSfeOtfemffi-C** qttHmSlE (Iq_s) fc*#fctt"t* 3*B/d q^jftSP 
2 4 ($M«d qIltItBfti:ffllt*) , dttHmv/t ( I d_s) fc q*fc 
^«yjfL (Iq_s) <hd$lfimJE (Vd) t q$fimEE (Vq) hCioVtt-n^) 

n-^^s (tf) ^^mi-^>^jtmmsi5 2 5. (^i&^o^ijtKcm^sa^n- 

[0 0 8 2] 

t-^n>fn-7l Olt d«^ll (Id_c) fcd«Hm»f£ (Id_s) £ 

m i «»s 2 7 l , irommmmizm iopi 2 8t-pi (jt«i» 

fr) MI^rlL, ilTO2 9t^fW^jJD|:iT, dWt^mit ( I d_ 
c) td«lll (Id_s) Ofi^UIfctrtzdWlWE (Vd) ££j£-t£ 0 
[0 0 8 3] 

^-^>hn- 7 10li, pgtfcKLT, qttt^«^L (Iq_c) <h q 
tt^myE (Iq_s) ^i2if^3 0T«»L, 2 0PIi^ 

i3 1tPIM^IU t2»3 2Tlff»^MLT, qHWi^S 
ffi. (Iq_c) fcq ( I q_s) t OfiHtClE £ tz q (Vq) 

[0 0 8 4] 

fit, ^e-?n> Fn-7 1 0(i, d*4mj± (Vd) hi qilE (Vq) <h * 
d q/3ffl^&S&2 OCA^t^o CLJUCJ: 9, '<7- K^^r^- y h 2 1 £ 

7>lt, dtt^mru (id_c) -hdfAnmrL (id_s) t^mm, x.v*mft& 

Will (Iq_c) i qilll (Iq_s) t £ < "T & 3 fflSJE (Vu, Vv 

, Vw) rt^e-? i os^H^cepjjpsn-c, 1 oiHT-ciiiiii^? 
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[0 0 8 5] 

m i «»s 27, pi m$tm 2 8, mi muts 29, pi mnm 3 1 > 

dq/3 fam*M 2 0, S^7-K7^ri-7f2 li:J:l), ^%0^<7) jim 
[0 0 8 6] 

d q/3ffi|E*«B2 OCi I) dUMJ± (Vd) <h qftimff (Vq) £3 
fflOWEJi^ (Vu_c, Vv_c, Vw_c) tC^tfti-*IStC«±, t-M<0O-^ 

otammsEfs ( i u_ s ) t wtimrL-t >t2 3 otmitfi ( i w_ s ) * d mmm 

ftE (Id_s) tqjftHmyjii ( I q_s) bzm%ir Z>m^i> , KDU- ( 

[0 0 8 7] 

[0 0 8 8] 

IH3(i, n >hn-7l Oi:«t OHfr dmWtit q l ^ 

(V) , *tt^B#W (t) -C£>& 0 
[0 0 8 9] 

^-^>Fn-7l0(i > @3 (a) tc^Lfcd: o 9f5e<7)iW»-9-^ ? ;u 
(AT) T% d*ll«atO*tz*ti-4 7-f-K>"fy^ftlJfp (HcpId.FB) £ qfftm 
TfonfrlzWt&y 4 - ?Um (U4'Iq_FB) Z3zmzmrirZ>o Emc^ 
Lfc00-Cli, dttSiffiO^lcfcH-*? 4 - K^ -y trMMZMMV-J t^T i i , 
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?^Ti2, T i 4 tltTLTV^o 
[0 0 9 0] 

MW2 5ii, 1 on t §{±, n-? 

ftS^ISEt ( 0 ") ^dq/3 fB&ftffi 2 0 <h 3 ffi/ d q W&M 2 4 HtB^-f 
-2)o fit, IMt^fi (0") fcfflv*T\ d q/3ffl3g|fe«2 0(4 3ffiO«EEffi 
^ffi (Vu_c, Vv_c, Vw_c) SrirttJU .3 ffi/ d 2 4 {± d *&IS*SE ( 

Id_s) tqttHmgj£ (Iq_s) ^fffit^o 
[0 0 9 1 ] 

fit, dttw»<7>*K*tt&7 4 - K/^y 9igm*&tT-+%>i$m*y4 ( 

Til, T13, T 15 ) tZ*5V*Tti, q«l«ffi (Vq) ii HU HI cO^IJf^J-^ >f ? ;W 

") S:fflv»7t d*l*aEO*tc*ft-* 7 -r - K/<y ^«l»* f «W1W-9->f ^ ^ i i "CH 
ftZti&t, ±|E^; (3 4) coP^^j&jZ-f&o 
[0 0 9 2 ] 

*7t, qiit^*[:itt^7 * - K/s-y tmmznft-t&mffly-j (t 

12. T 14 ) Hisv^T(±, dtt^ffi (Vd) l±iffi@Oi|ifl#|"9->f *;wci3lt£* 
J±^m#£ft&£o^lfcL&^ 0 %<ntz#>, v-?ftm<DMfcm (*r) 

, ±ie^: (35) ^H^jtio 

[0 0 9 3] 

fit, MtM2 5(±, _Lfss: (3 4) « (35) j&»p>»f>*i*±iS5$; 

(4 0) OitffSrHtf LT, n-^^Jtom^flt (0) hm^M (<T) t<D\tL 
fflU (0e) O2fSfcl0&£fcIE$£#!!affi (Vs"= L i sin2 d e) fc&K#JKfl[ 
(Vc~=L 1C os2 0e) £gtti-f& 0 
[0 0 9 4] 

±155* (4 0) Ofi^iJD-fcfUt-T*^ J^TOS (4 1) h&& 0 
[0 0 9 5] 
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[»4 1] 



Vs 




' ddl (ii) ' 




' 0 


0.5 


0.5 0 


Vc 


= D 


dVd(h) 
ddl (i2) 




0.5 


0 


0 -0.5 


Vi , 




dVq(i2) 




,0.5 


0 


0 0.5 



ddl (h) 
dVdOO 
dd? Ci2) 
dVq(i2) 



(41) 



[0 0 9 6] 

ZZX\ t-^>^D-7l 0(D** 'J (IHtfL^V^) ±f£5t (4 1 

) ^*3{t^^ijD-<o^<7)T-*-^^^feii^tLTv^ 0 fit, ^s^msp 

2 5l±, IIU&5>x-^£ffiv>T±lfi:£ (4 1) <r>mn&ft n - £ 13 J: ») , IE&# 

F.sfg (vs") t^mmm (vd *>*wi$iw*®KiL-cv>s 0 

[0 0 9 7] 

Lt, ^|flP«tm«B2 5t±, -hfSjt (3 3) i:i •) n- *fcJK<7>HRHI (0) 
fc«5g«[ (<T) ii^fi+B^ (de) ML dtUCJ:!), n-^fcjgoHRHI 

[0 0 9 8] 

*<^«l5Effl (O <7)4i^M^O{ciRm-r^J:^^^iEi-^ > li:^pIfg-e^^> 
[0 0 9 9] 

l^-^o^jijt-em^L-cv^t-r^, i$m*M9)\' (at) rt 

con-^^S (0) tft&m. U) ^Wflli^T^ (4 2) -e£$*U> 0 
[0 10 0] 
[ft 4 2] 



fe(n+D 

lo>(n+i) 



e(n) 
a>(n) 



(42) 



1 AT 

,0 1 

[0101] 

lau 0 (n) tco{n)kt^fL^ixh^mn^^y^^ii^hu-9^tn^m. 
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[0 10 2] 

fit, ±gS5t (4 2) tf$til.*f)K7)yUk-^{: i v-?ftm<Dm 

fcm (ei tftmmnmfcm u") £a?ju u-^n^mmm (e) tm 

5c1i (el t<?>mm (ee) Wif^^Kl, K2, K^Cj;£^>£f|* 

CT7 - K/^y ^tS^TO^: (4 3) X(i5£ (4 4) LtzffiWZfto 0 

[0 10 3] 
lt4 3] 



K(0e(n)) 



fe(n+i)1 


1 ATlfe(n)' 
0 1 JUcn), 




K1 


(oKn+oJ 


+ 


,K2 




.0 1 J[a>(n), 




Kl' 




+ 


K2, 



* Vc 



(43) 



[0 10 4] 
[14 4] 



0(n+1) 
aXn+1), 




1 AT|fe(n)' 
,0 1 JloKn). 


+ 


K1 
K2 






1 ATlfe(n) 




K1 






.0 1 Jlokn). 


+ 


K2. 



K (0e(n)) 



Vs 



a/Vs 2 + Vc 2 



(44) 



(0e(n)«jO) 

[0 10 5] 

±|S^: (4 3) , ^ (4 4) f±, v ^ j. lx-^<7)^-^ fe— 5eoftj£ft-eiaIIE 

^f;H:^t^t7f-/N'i:^otv^ 0 It, ±IE^ (43) , ^ (4 4) 
K«fci9, n-?£jg officii (O &mf£M (e) Ci|Xm£-£& £ i^ti & 



[0 10 6] 

JblEsS: (4 4) o^F^lffii^M^^^-e, JilTo^ (4 5) i:i *) 
[0 10 7] 
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[&4 5] 



Vs 



Vs 2 + Vc 2 



Vs 
|Vs| 



Vs 



C|Vs| >|Vc| CDilS) 



(45) 



j~~7 (|Vc| >|\/s| CDliS) 



[0 10 8] 

-LSEsS (4 3) , 5£ (4 4) Kis^f, ^TtC^i - ^: (4 6) (7) J: die 
, offset £#nx.-C, JK±J$*L*n-^ftjg<oai5gfl[ (<T) Ofltfl£ai«IWK-r 

[0 1 0 9] 
[&4 6] 



e(n+1)' 




1 at' 


0(n) 




K1 


,oi(n+l) 




0 1 


,a>(n) 


+ 


,K2. 



K (0e(n)+offset) (46) 

[0 110] 

itz, *mM<?>B&-Cli* H3 (a) !:^L/:J:?(:, dmm%<DMz^-fh 
y 4 _ K/ s~ - 7 ? $|j^ £ q KMt«EO*£*s|"t & 7 * - l-V"* y * ftJfP £ 1 flflJiP+^ ? 

zmwv-j ? n>i>*&ta£, ±$e& (4i) (,z x o R&m?M (vsi t&Mmz 

ft (Vc") ^ItBt^It^tHo 
[0 111] 

?:<r)tzsb^ 113 (b) K^Lfc-fcdK, d*fcmaEO*Hitf 4 7 -f - 

[0 112] 

mufiit amm.B.oifo-fiftuz'D^xft'otz-t)^ mizztih<D^\anzm^-t z&w 

fifci/\> irKfrh, ±&5*; (3 2) K^LfcdttmJEE (Vd) tqttlE (Vq) 
<7> l&ift^KJ: ^£ft&S>HC¥*TT*£v>2m±^:fr|ti] (v) K*frLT, 1 7j 
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(vc*) *jtmi-*ct75*-c§&o 

[0 1 131 

;HC*5tt* dttmffi (Vd_new) tqitE (Vq_new) fi N WT^^ (4 7) , 
^ (48) CJ: iQlftH^ti&o 
[0 1 14] 
[t4 7] 

Vd-new = Kp(Id_c- Id.s) + Ki /(Id-c - Id.s) dt (47) 

[0 115] 
[&4 8] 

Vq.new = Kp (Iq.c - Iq_s) + Ki JVlq-c - Iq.s) dt (48) 

[0 116] 

teu Kp : ttmrj Ki : m^-f 

[0 117] 

^jee& vq_oidhi-^> 4 v m<7)*ij^^-r *;w:u3»t& &n i m±<nm\A (dvd 

' ) t qttmEEO^fti (dVq* ) (i, WTO^ (4 9) , ^ (5 0) T^S 

[0 118] 
[t4 9] 

dVd' = Vd-new - Vd.old (49) 

[0 119] 

[15 0] 

dVq' = Vq.new - Vq.old (50) 

[0 12 0] 

±ifi^: (49) , ^ (so) izxz dmnj±<vmm (dvd' ) t 
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qttSEEO^ft* (dVq' ) Zl&ftt h ^(ifeit^ ft £IfX 0 %Z>o 

Z<T)tztb, ±15^: (3 2) -emZti&U&l (v) Wtlt^tl7^-K^'7 
tmWZft^) Kfi, 5fe-f\ WT<7)5t (5 1) i:J:») d ttJt^mEEO^ffc* (dV 
d* ) t qm^mi±(Dmtm (dVq' ) Of^ffi] (v) -^MiM^ (dV) 

[0121] 
[t5 1] 

dv= ' 1 [ki k2 )[ dvd ;i (so 

[0122] 

fit, J^T<7)jt (52) , ^ (53) Hi^ ^EcOffTlJ^^ ?)llz&lfZ> 
dMm.J± (Vd) UttiE (Vq) £jmi-*t(2'J:v> 0 

[0 12 3] 
[&5 2] 

Vd = Vd.old + kl dV (52) 

J ki 2 + k2 2 

[0 12 4] 

[15:5 3] 

Vq = Vq-old + . k2 dV (53) 

J ki a +k2 2 

[0 12 5] 

<7)£^:W^v^Co^t, mit^ ^ - K/s- y ?mmift x.l£, d q^H 

¥ffi±otEt<7)* k d ttmrc t q mmm * mm-r & - 1 w-c § * 0 

[0 12 6] 

WT> vpv n K"On^|p] (n^2) (:ov>T, £:frftt::*ft&S5!E-7 -f 
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[0 12 7] 

( v ! ~ v n ) ^T<7)^ (54) K J: h , 
J± (Vq) C7) y)mZtlZ>i%&, ffiSiOj (1 

±125*; (3D imT^st (55) /M3:1-&o 

[0 12 8] 
[15 4] 



mm (vd) t 



V1 ' 




kn 


kl2' 


V2 




k2i 


k22 


V" < 




, kn1 


kn2, 



Vd 
Vq 



(54) 



[0 12 9] 
[f&5 5] 



ddl(j) = 



dv(i) f kj2 kji kji 



J kji 2 +kj2 2 1 k ' 1 k ' 2 J 



Lisin20e 
Licos20e 
Lo 



= C(j) 



Lisin20e 
Licos20e 
Lo 



(55) 



[0 13 0] 

{IU _LfE:£ (5 5) tziott^ d v (jm^TOst (5 6) 

[0131] 
[&5 6] 



dv(j) =-==!^ = fkji kja) f 
-7 kji 2 + kj 2 2 1 J t 



Vd-new-Vd.old 
Vq.new - Vq.old ■ 



(56) 



[0 13 2] 

L tzffo T> ^|pj (v ! ~ v n ) tcov^T<7)±IB^: (5 6) it ttb&t, 
(5 7) 7Wb*L, £ fc, ^ (5 7) ^tfLTWT^ (5 8) ?H# 

[0 13 3] 
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[t5 7] 



CO) 

c(j) 

C(n) 



Lisin20e 
Licos20e 
Lo 



= C 



Lisin20e 
Licos20e 
Lo 



ddI(l)/dv(D 
ddl(j) >dv(j) 
ddl(n)>dv(n) 



(57) 



[0 13 4] 
[»5 8] 



Vs 




Lisin20e 


Vc 




Licos2de 


.VI , 




I Lo J 



= (C'C) c 



= D 



ddI(D/dv(1) 
ddl(j) >dv(i) 
ddl(n)/dv(n) 
ddi(1)/dv(D* 
ddl(j) >dv(j) 
ddl(n)>dv(n) 



(58) 



[0 13 5] 

LT> #^[6] (vi~v n ) IC^LT, ll&&$ijfp^ ^T«!t7^ - K 
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